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ABSTRACT

This thesis consists of six chapters in which the first chapter (Chapter I) gives a brief description of elusive molecules and interstellar space molecules and importance of computational chemistry in this field and methodologies. Chapters II and III describes the formation of the silicon analogues of isocyanic acid and thio-isocyanic acid through neutral–neutral reactions of the various fragments whereas Chapters IV describes stability of the Tin analogues of isocyanic acid.  Chapter V deals with the theoretical study on the potential energy surface of [HNCS2], In Chapter VI characterization of H3NPO is carried out by computational methods.

Chapter I 
Chapter I deals with a brief introduction on elusive species and a discussion on computational chemistry methodologies. Such species are key intermediates in organic reaction mechanisms, organometallic chemistry, interstellar chemistry, atmospheric chemistry, flames, explosions, biological systems, photochemical and catalytic reactions. A number of elusive molecules have been observed at different regions of both gas and dust in the interstellar and circumstellar medium. The discovery of such species pose a challenge to molecular spectroscopists and these can be characterized by different laboratory techniques and also to quantum chemists to generate theoretically the possible stable and unstable isomers using various methods. Till date around 123 fragments are detected in the interstellar medium and extensive research is still going in the field of space research. It is expected that many more interstellar molecules will be discovered in space once their characteristic spectra are known from the laboratory. 
These species are mainly observed through their characteristic rotational transitions in the microwave regions of the electromagnetic spectrum. Further, by the application of many of the gas phase ionisation techniques, a variety of structural isomers can be synthesized in the gas phase. The collision activation (CA) and neutralization-reionization mass spectrometry (NRMS) in conjunction with photoelectron spectroscopy, matrix isolation and theoretical studies have been used in the investigation of such transient species. NRMS method can only be applied to small systems, in which distinctly different dissociation channels of neutral and ionic species exits. Thermochemical data or theoretical calculations may then help to decide whether the fragments are due to neutrals or ions. For large molecules, it is difficult to analyse their reactivity on the basis of NR mass spectra obtained with different target gases. The study of physical and chemical properties of these species is also believed to provide valuable information on the chemical evolution of interstellar space and also on the formation of the stars. In this regard, such a detailed picture is not available from experiments.

Computational chemistry is a fruitful interplay between experimental techniques and theoretical predications. Nowadays quantum chemistry has become an important technique to i). Understand gas-phase reactions, ii). Predict the potentially stable isomers, iii). Estimate their relative stability, iv). Formulate the possible reaction mechanisms through detailed analysis of the topology of the corresponding potential energy surface, v). Evaluate the heat of formation of intermediates or elusive molecules and so on. Calculations based on ab initio and density functional theory (DFT) methods are useful to predict the existence of elusive molecules and/or to characterize non-conventional structure, and to rationalize the charge redistributions normally associated with ion-molecule interactions which result in bond-weakening or bond-reinforcement effects used in the gas-phase ion chemistry. This chapter also gives the brief account of various computational methodologies viz. Hartree-Fock (HF), Moller-plesset perturbation theory (MP), density functional theory (DFT). 

Chapter II 
Here computational study deals with the formation of the Silicon analogues of Isocyanic acid, HNSiO and its Isomers by Neutral –Neutral reactions of the fragments. While isocyanic acid (HNCO) and its sulfur analogues thioisocyanic acid (HNCS) have been identified in the interstellar space, the corresponding silicon analogues have not been detected as yet. This is in spite of the fact that the fragments such as SiO, SiN, OH, NH, NO, SiS and HNO are present in the interstellar space. Given the low temperature and low-pressure conditions existing there, it would be of interest to understand the possible formation, stability and fragmentation of the isomers of these silicon species i.e. [H,N,Si,O]. Potential energy surface of [H,N,Si,O] has been generated using the G3B3 methods. Transition states and dissociations have been calculated at the same level. Calculations have also been carried out using ab initio methods at MP2/6-311+G (d,p) level, and the results of the DFT methods (B3LYP/6-31G(d) and G3B3) are compared. On this surface many intersystem crossings between the singlets and the triplets occur and the geometry at these crossing points have also been estimated. When a singlet state lower in energy than the triplet state dissociates to the lower energy spin forbidden triplet fragments, then a crossing occurs. This crossing of the triplet and the singlet surfaces that is bound at some lowest point is called the minimum energy crossing point (MECP) is sometimes considered as the transition point for the intersystem crossing. The idea of finding out the geometry of MECP is to understand the most feasible pathway the reaction would take when the two fragments of different spins interact. Finally the reaction coordinates of neutral- neutral reactions of the fragments leading to the stable isomers have been mapped.   
Both ab initio at MP2 and G3B3 at the DFT level indicate that there are as many as nine (6 chain isomers and 3 ring isomers) stationary states on the singlet surface and an equal number on the triplet surface, which have been characterized as minima. But in the case of triplet only one cyclic structure turned out to be a stationary point, the others are branched with a large NSiO or SiNO bond angle. The dissociations and the isomerizations require high energies indicating that these isomers are quite stable and in some conditions can be detected in the laboratory. The neutral-neutral reactions on this surface are mapped using the fragments reveals that though many of them are barrier less they are exothermic enough to dissociate to other lower channels. These indicate that in the interstellar space, the possibility of detecting HNSiO formed from the neutral-neutral reactions is not very high but the possibility of the formation of the stable isomer from neutral-ion reactions is not ruled out.

Chapter III 
Here we report the detailed potential energy surface (PES) of the singlet and the triplet [H,N,Si,S] generated using the DFT based G3B3 methodology and ab initio based CCSD/6-311G(d,p) //MP2/6-311+G(d,p) methods. The PES reveals a lot of stationary states thus indicating the possible existence of stable species. While the most stable molecules of the carbon analogues, namely isocyanic acid, HNCO and thio-isocyanic acid, HNCS have been detected in interstellar space, these silicon species have not been reported as yet.  Considering the potential importance of silicon in interstellar space, this is of interest. The barriers for isomerization and dissociations for these have been calculated and they ascertain the stability. On this surface, some intersystem crossings between the singlets and the triplets occur, and the geometries at these crossing points have also been determined. It is suggested that these silicon analogues of the important thio-fulminic acid and thio-isocyanic acid are stable species, which may be experimentally generated at the laboratory level. The neutral-neutral reactions of the fragments leading to the stable isomers have also been mapped to suggest their possible formation in the interstellar space.

Silicon analogues of the thio-isocyanic acid and its isomers have been investigated by computational methods. G3B3 at the DFT level and MP2 at the ab initio level indicate that there as many as nine stationary states on the singlet surface and an equal number on the triplet surface which have been characterized as minima. The relative energies are calculated with respect to the most stable isomer. The dissociations and the isomerizations require high energies indicating that these isomers are quite stable and in some conditions should be able to be generated in the laboratory. The neutral-neutral reactions on this surface mapped using the fragments reveal that though many of them are barrier-less they are exothermic enough to dissociate to other lower channels. The MECPs calculated have been associated with the following reactions giving rise to singlet / triplet isomers. The location and the assignment of the reaction coordinate of the MECP on the surface is based on the changes in bond length.
SiS     + 3NH          HNSiS 
HNSi   + 3S             HNSiS 
HSN   + 3Si             HSNSi
HNS   + 3Si             HNSSi

Chapter IV 
This chapter describes the detailed potential energy surface (PES) for the singlet and triplet isomers of [H, N, Sn, O] using the DFT based B3LYP method and the LANL2DZ basis set. The PES reveals a lot of stationary states thus indicating the possible existence of stable species. The barriers for isomerization and dissociations for these have been calculated and they ascertain the stability.

Both chain like isomers and cyclic isomers on the singlet and triplet surface of [H, N, Sn, O] (eight singlet isomers and nine triplet isomers) are optimized using B3LYP method. The relative energies are calculated with respect to the most stable isomer. 

Chapter V 
This chapter deals with the theoretical study on the potential energy surface of [HNCS2]. These are the sulfur analogues of the well studied [HNCO2], which play an important role in nitrogen fuel chemistry. In the recent times the sulfur containing compounds have gained importance due to their presence in interstellar space. The isomers of the disulfide have been suggested as reaction intermediates for dissociation of nitrile sulfides. Ab initio (G2 and G3) and DFT (B3LYP/6-31G(d,p)) calculations have been used to study the stability, heat of formation, geometries and isomerization process in these isomers. Detailed examination reveals that both singlets and triplets of the linear as well as the ring structures are minima on the potential energy surface. Bonding in the isomers has also been discussed. 

The potential energy minima obtained on the [HNCS2] surface in this study can be broadly classified into two types namely the chain-like and ring (or branched) structures.  The various bonding of the atoms, which include possible hydrogen migration in each backbone, in the chains and rings yield as many as 26 most stable isomers for the singlet state and 14 for triplet isomers.

Chapter VI 
Characterization of ammonia phosphorus oxide H3NPO+ ions and their neutral counterparts is carried out by computational study. Over the years a great deal of attention has focused on the chemistry of low coordinated phosphorus compounds. They are believed to play an important role in the chemistry and biochemistry of phosphorus containing compounds and have been extensively studied by experiment and theory. Neutralization-reionization experiments on these ions revealed that the neutral NH3PO· is a stable species in the gas phase. The theoretical calculations for the isomers of [N, H3, P, O]+/· were performed using both GAMESS-US and the GAMESS-UK software whereas only the GAMESS-UK results have been reported here. The 6-31G(d,p) basis sets were used throughout. Geometry optimizations were performed using the three-parameter hybrid density functional method of Becke (B3LYP).
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